Abstract: Chemical examination of the green alga Cladophora fascicularis resulted in the isolation and characterization of a new porphyrin derivative, porphyrinolactone (1), along with five known phaeophytins 2-6 and fourteen sterols and cycloartanes. The structure of 1 was determined on the basis of spectroscopic analyses and by comparison of its NMR data with those of known phaeophytins. Compounds 1-6 displayed moderate inhibition of tumor necrosis factor alpha (TNF-α) induced nuclear factor-κB (NF-κB) activation, while 2 and 4 displayed potential inhibitory activity toward proteasome chymotripsin-like activation. The primary structure-activity relationship was also discussed.
Introduction
The genus Cladophora (Cladophoraceae) is a group of filamentous green algae that grows widely in eutrophic wastewater and marine intertidal zones. Previous chemical investigations indicated that Cladophora mainly containing sterol derivatives [1] [2] [3] . Terpenes [4] from C. vagabunda in Black Sea and a brominated diphenyl ether from C. fascicularis [5] were also reported. In the course of our investigation of chemical diversity and the bioactive compounds from marine plants, the green alga C. fascicularis was collected from shallow seawater along the coastline of Qingdao, China. The EtOH extract showed moderate cytotoxicity against human tumor cell lines, including Hela and LH-1210 (inhibition rates of 92% and 85% per 20 µg/mL, respectively). Chromatography of this extract resulted in the isolation of six phaeophytin derivatives 1-6, along with eight steroids and six cycloartanes. In this paper, we report the structural elucidation of the new phaeophytin derivative porphyrinolactone (1) , and the inhibitory effects of compounds 1-6 against proteasome chymotripsin-like and TNF-α-induced NF-κB activation.
Results and Discussion
Extensive chromatography of EtOH extract of marine alga C. fascicularis resulted in the isolation and characterization of six phaeophytins 1-6 ( Figure 1 ), along with fourteen known steroids and cycoartanes. Porphyrinolactone (1) was determined as a new paeophytin derivative, while 2 to 6 were identified as 20-chlorinated (13 2 -S)-hydroxyphaeophytin A (2), (13 2 -S)-hydroxyphaeophytin B (3) and A (5), and (13 2 -R)-hydroxyphaeophytin B (4) and A (6) through spectroscopic analyses and by comparison of their NMR data with literature values [6] [7] . Compound 2 was isolated from Nature for the first time, and its incomplete NMR data [8] was fully assigned through extensive 2D NMR spectroscopic analyses. Compounds 3-6 were previously isolated from liverwort and hornwort and reported to possess cytostatic and antibacterial activities [9] . 2 R = phytyl, R 1 = Cl, R 2 = Me, 13 2 S 3 R = phytyl, R 1 = H, R 2 = CHO, 13 2 S 4 R = phytyl, R 1 = H, R 2 = CHO, 13 2 R 5 R = phytyl, R 1 = H, R 2 = Me, 13 2 S 6 R = phytyl, R 1 = H, R 2 = Me, 13 2 
R
Porphyrinolactone (1) was isolated as a brown-red amorphous solid, and its molecular formula was determined as C 57 The δ-lactone of 1 was supposedly be generated from phaeophytin A as a precursor via an allomerization pathway (Scheme 1) [10] . The ethoxy group was assumed to be introduced as an artifact during the EtOH extraction process. The remaining known compounds were identical to sterols β-sitosterol [11] , β-sitosterol-7-one [11] , ergosta-5,24(28)-dien-3β-ol [11] , ergosta-5,24(28)-dien-3β-ol-7-one [11] , fucosterol [12] , saringosterol [12] , 24(28)epoxystigmast-5-dien-3β-ol [12] , and 24-hydroperoxy-28-vinyl-cholesterol [12] , while the six cycloartanes were consistent with 24-hydroperoxy-cycloart-25-en-3β-ol [13] [14] , cycloart-25-en-3β, 24-diol [15] , 25-hydroperoxycycloart-23-en-3β-ol [13] , cycloart-23-en-3β, 25-diol [13] [14] , cycloart-23,25-dien-3β-ol [16] , and cycloart-24-en-3β-ol [13] [14] . These compounds were identified by directly comparison of their spectroscopic data with literature values. The cycloartane-type derivatives were obtained for the first time from marine algae. Previous reports had indicated that pheophorbide possessed the capability to interfere with NF-κB activation [17] . In this study, we tested compounds 1-6 for their in vitro inhibitory effects against NF-κB translocation activated by TNF-α (tumor necrosis factor alpha) under condition so as to avoid illumination by HCS. Results are shown in Figure 2 . proteasome ChT-L Compounds 1-6 exhibited significant inhibitory effects on the activation of NF-κB (Figure 2A) , while 4 and 6 showed potential suppression with inhibition rates that were comparable with the value of MG132 (a positive control for NF-κB translocation). In parallel, the morphological changes of NF-κB translocation indicated by immunofluorescence staining ( Figure 2B ) showed an inhibitory effect of 4 on TNF-α-induced NF-κB translocation in a dose-dependent manner. In cells treated with solvent control (Figure 2Ba) , most of the fluorescence staining for NF-κB are in the cytoplasm and rare NF-κB staining in nuclei area. When stimulating the cells with the TNF-α alone (Figure 2Bb ), NF-κB staining significantly increased in nuclei area, suggesting that NF-κB translocated from cytoplasm into the nucleus. However, HeLa cells were treated with 4 by using the dosages of 10 and 50 µM (Figure   2Bc,d) , NF-κB translocation induced by TNF-α was inhibited dose-dependently. This result provided a new evidence to support the suggestion that the cytotoxic effect of chlorophyll derivatives can occur through mechanisms other than phytodynamic action [18] .In order to understand the molecular mechanism of 1-6 on the inhibitory effect of NF-κB translocation, we examined their effect on proteasome ChT-L activity ( Figure 3 ) by using an in vitro enzymatic activity assay. Compounds 2 and 4 showed a remarkable inhibitory effect on proteasome ChT-L activity (inhibitory rates among 70-73.5%), while 3 exhibited moderate activity. The primary bioassay result implied that paeophytin b type (3-4) showed stronger inhibition toward to proteasome ChT-L than that of paeophytin a type (5-6), indicating the aldehyde functionality at C-7 plays a key role in the inhibitory effect. Comparison of inhibitory activity between epimers 3 and 4, and between 5 and 6, revealed that a 13 2 -S configuration gave stronger inhibition than that of 13 2 -R. The 20-chlorinated 13 2 -S paeophytin A (2) increased the inhibitory effect by comparison with the data of 13 2 -S paeophytin A. This was the first time phaeophytins were reported to inhibit proteasome ChT-L activity, but the present data could not provide evidence to explain the relationship of inhibitory effects between NF-κB and ChT-L, although the proteasome inhibition is related to NF-κB inhibition. The ubiquitin-proteasome pathway (UPP) is a major nonlysosomal system responsible for intracellular protein degradation in eukaryotic cells [19] . The key proteins modulated by the proteasome are those involving in the affection of inflammatory processes, cell cycle regulation, and gene expression. Proteasome inhibition is a potential treatment option for cancer and inflammatory conditions [20] [21] , NF-κB is a crucial transcription factor mediated by immune responses and cellular growth. It is regulated by interaction with an inhibitor protein named inhibitor of κB (IκB). In quiescent cells, NF-κB presents in the cytoplasm and binds to its inhibitor IκB. When a cell is stimulated by stress, growth factors, radiation, etc; IκB could be phosphorylated and degraded by the UPP, freeing NF-κB to translocate to the nucleus where it activates transcription. Proteasome inhibition could stabilize IκB-NF-κB complex making the NF-κB inactive [22] . Thereby, the NF-κB signaling pathway is an important target of proteasome inhibitors for the prevention and treatment drugs against cancer and inflammation. Moreover, NF-κB constitutive activity is one of the most important reasons that leading the MRD (multidrug resistance) of tumor cells [23] . Thus, the inhibitor of proteasome and NF-κB activities will be a promising candidate for new anti-inflammation or anticancer drug, especially for MRD tumour cells.
Experimental

General
IR spectra were recorded on a Perkin-Elmer Nicol FT-50X spectrometer. UV spectra were measured on a UV-VIS spectrophotometer 756MC.
1 H-, 13 C-NMR and 2D NMR spectra were recorded on Bruker Avance-500 FT NMR or Varian INOVA 500 MHz spectrometers, and chemical shifts were referenced to the solvent CDCl 3 as internal standard. FABMS spectra were measured on a Bruker FTICR APEXII mass spectrometer while HRFABMS were measured on a Bruker Daltonics. Inc. APEX-II FTPICRMS. Column chromatography was carried with silica gel (200-300 mesh), and HF 254 silica gel for TLC was obtained from Qingdao Marine Chemistry Co. Ltd., Qingdao, China. Sephadex LH-20 (18-110 µm) was provided by Pharmacia Co.
Algal material
The green alga Clodophora fascicularis was collected in shallow seawater along the coastline of Qingdao, China, in November 2003. The algal species was identified by Professor Baoren Lu from the Institute of Oceanology, Chinese Academy of Science (CAS). A voucher specimen (no. 20031101) is deposited at the Institute of Oceanology Chemistry Department of Marine Algae.
Extraction and isolation
Air-dried C. fascicularis (6.5 kg) was percolated with EtOH under room temperature for one week. The EtOH extract was concentrated in vacuo to afford a dark green residue (308.0 g). This residue was suspended in water and then partitioned successively with petroleum ether, EtOAc, and n-BuOH. The petroleum ether fraction (40.0 g) was subjected to silica gel column chromatography eluting with a 100:1 to 1:1 gradient of petroleum ether-EtOAc. 
